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[57] ABSTRACT 

Provided is a process for preparing a cephem compound of 
the formula: 



H 2 N. 



H 

N 



CCONH 

II 
NR 5 




CH 2 R 4 



COOH 



wherein R 3 is hydrogen or methoxy, R 4 is hydrogen or a 
residue of a nucleophilic compound, R 5 is hydroxyl or a 
protected hydroxyl, and R 8 is hydrogen or halogen, or a 
pharmaceutically acceptable salt or ester thereof, which 
comprises introducing an acyl group of the formula: 



H 2 N S 

N 






c-co— 

II 

NR 5 

wherein R 5 and R 8 are as defined above into the amino group 
of the molecule of the formula: 



CH 2 R 4 




COOH 



wherein R 3 and R 4 are as defined above or a salt or ester 
thereof. 

5 Claims, No Drawings 
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METHODS FOR THE MANUFACTURE OF or a salt or ester thereof, with a compound of the formula: 

CEPHEMS 



NR 5 




CH 2 R 4 



COOH 



wherein R 3 is hydrogen or methoxy, R 4 is hydrogen or a 
residue of a nucleophilic compound, R 5 is hydroxyl or a 
protected hydroxyl, and R 8 is hydrogen of a halogen, or a 
pharmaceutically acceptable salt or ester thereof, which 
comprises introducing an acyl group of the formula: 



H 2 N S R 8 

n !J — n— ro- 



C—CO- 
ll 
NR 5 

wherein R 5 and R 8 are defined above into the amino group 
of the molecule of the formula: 



CH 2 R 4 




COOH 



wherein R 3 and R 4 are as defined above or a salt or ester 
thereof. In a preferred embodiment, R 3 and R 8 are hydrogen. 
In accordance with a second aspect of the invention there 
is provided a process, wherein the introduction is preformed 
by reacting a compound of the formula: 



H 2 N 




CH 2 R 4 



COOH 



10 



15 



CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of application Ser. No. 
203,410, filed Jun. 7, 1988, now U.S. Pat. No. 4,973,684, 
granted Nov. 27, 1990, and also a continuation of Ser. No. 
203,409, filed Jun. 7, 1988, now U.S. Pat. No. 4,912,212, 
granted Mar. 27, 1990, each of which is in turn a division of 
Ser. No. 674,364, filed Nov. 26, 1984, now abandoned, 
which is a continuation of now abandoned Ser. No. 191,934 
filed Sep. 29, 1980, which is a continuation-in-part of Ser. 
No. 071,032, filed Aug. 28, 1979, now U.S. Pat. No. 
4,298,606, granted Nov. 3, 1981, which is a division of now 
abandoned Ser. No. 900,233, filed Apr. 26, 1978, which is a 
continuation-in-part of Ser. No. 642,356 filed Dec. 19, 1975, 2 o 
now U.S. Pat. No. 4,098,888, granted Jul. 4, 1978. 

In accordance with a first aspect of the invention there is 
provided a process for preparing a cephem compound of the 
formula: 

25 
H 2 N S R s 

N U— CCONH 



30 



35 



45 



50 



55 



60 



65 



R 1 S R s 

N 1— CCOOH 

II 
NR 5 

wherein R 1 is an amino group, or a salt or reactive derivative 
thereof. In a preferred embodiment, the R 1 is amino. In a 
further preferred embodiment, the amino group as R 1 is 
protected amino, and subsequent to said introduction the 
protective group is removed. 

In accordance with a third aspect of the invention there is 
provided a process for preparing a cephem compound of the 
formula: 



H 2 N 



N U— 



.R 8 

CH— CONH - 

I 

NH 2 

O" 



R3 



CH 2 R 4 



COOH 

wherein R 3 is hydrogen or methoxy, R 4 is hydrogen or a 
residue of a nucleophilic compound and R 8 is hydrogen or 
a halogen, or a pharmaceutically acceptable salt or ester 
thereof, which comprises reducing a compound of the for- 
mula: 



40 




CH 2 R 4 



COOH 



wherein R 1 is an amino group, R 5 represents hydroxyl or a 
protected hydroxyl group and R 3 , R 4 and R 8 are as defined 
above, or a salt or ester thereof. In a preferred embodiment, 
the R 1 is amino. In a further preferred embodiment, the 
amino group R 1 is protected amino, and subsequent to said 
introduction the protective group is removed. 

In accordance with a fourth aspect of the invention there 
is provided a process for preparing a cephem compound of 
the formula: 



H 2 N. 



CH 2 R 4 




COOH 



wherein R 3 is hydrogen or methoxy, R 4 is a residue of a 
nucleophilic compound, R s is hydroxyl or a protected 
hydroxyl and R 8 is hydrogen or a halogen, or a pharmaceu- 
tically acceptable salt or ester thereof, which comprises 
reacting a compound of the formula: 
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CH 2 R 6 



COOH 



wherein R 1 is an amino group, R 6 is acyloxy, carbamoyloxy 10 
or a halogen, R 3 is hydrogen or methoxy, R 5 is hydroxyl or 
a protected hydroxyl, and R 8 is hydrogen or a halogen, or a 
salt or ester thereof, with a nucleophilic compound. In a 
preferred embodiment, the amino group as R 1 is protected 15 
amino, and subsequent to said introduction the protective 
group is removed. 



DETAILED DESCRIPTION OF THE 
INVENTION 




CH 2 R 4 



35 



COOH 



wherein R 1 represents amino or hydroxyl group which may 
be protected, R 2 represents amino or hydroxyl group or a 
group convertible into these groups, R 3 represents hydrogen 40 
or methoxy group or a group convertible into methoxy 
group, R 4 represents hydrogen or a residue of a nucleophilic 
compound and R s represents hydrogen or a halogen, or a 
pharmaceutically acceptable salt or ester thereof, interme- 45 
diary compounds therefor, and to processes for preparing 
these compounds. 

One method of synthesizing cephem compounds (I) is by 
reacting a compound of the formula: 



H 2 N 




(VI) 



CH 2 R 4 



55 



COOH 

wherein R 3 and R 4 are as defined above or a salt or ester 
thereof, with a compound of the formula: 



R 1 s 



.R 8 



(V) 



60 



- CHCOOH 

I 
R 2 



wherein R 1 , R 2 and R 8 are as defined above or a reactive 
derivative thereof, or reducing a compound of the formula: 



65 
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(VII) 



CH 2 R 4 



COOH 

wherein R 5 represents hydroxyl group which may be pro- 
tected and each of other symbols has the same meaning as 
defined above or a salt or ester thereof, or reacting a 
compound of the formula: 



R 1 S R 8 

N LJ — CHI 



(IX) 



CHCONH 



R 2 




CH 2 R 6 



20 



COOH 



While the cephem nucleus may be completely unsubsti- 
tuted and indeed experimental work has confirmed this fact 25 
for compounds which incorporate. applicant's 7-acylamino 
head (IA), the detailed description which follows is directed 
to one preferred group of cephem compounds: 

(i) 30 



wherein R 6 represents an acyloxy, carbamoyloxy group or a 
halogen and each of other symbols has the same meaning as 
defined above or a salt or ester thereof, with a nucleophilic 
compound. 
Compounds of the formula: 



ri s 



I 



R s 



CHCOOH 



(XI) 



I 

NH 2 

wherein the symbols have the same meanings as defined 
above, or a salt or ester thereof, which comprises reducing 
a compound of the formula: 



R 1 



S R s 

N U— CO 



(TV) 



CCOOH 

II 
NR 5 

wherein R 5 represents hydroxyl group which may be pro- 
tected and each of other symbols has the same meaning as 
defined above, or a salt or ester thereof, followed by, if 
necessary, removal of the protective group. 
Compounds of the formula: 



R 1 



(xrv) 



-C-COOH 



50 



/\ 
Y Z 

wherein R 1 represents amino or hydroxyl which may be 
protected and other symbols have the same meanings as 
defined below or a salt or ester thereof, are prepared by 
reacting a compound of the formula: 



xch 2 — c 



-C— COOH 

/\ 
O Y Z 



[XII] 



wherein X means a halogen and, when Y is hydrogen, Z 
means amino group which may be protected or Y and Z 
together represent a group of the formula: 

=NR 5 

(R 5 is hydroxyl group which may be protected) or a salt or 
ester thereof and a compound of the formula: 
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formula; =NR 5 , the cephem compounds (I) may be shown 



s [xni] 

R 12 -C— NH 2 

wherein R 12 represents a lower alkoxy group or amino group 
which may be protected, followed by, if necessary, removal 5 
of the protective group, 

A process is provided for preparing a compound of the 
formula: 



HO s 

N !L 



-C— COOH 

II 
NR 5 



wherein the symbol has the same meaning as denned above 15 
or a salt or ester thereof, which comprises reacting a 
compound of the formula: 



H 2 N 



H 

N 



(XV) 



20 



-C— COOH 

II 
NR 5 



=NR 5 



25 



30 



35 



wherein the symbol has the same meaning as defined above 
or a salt or ester thereof, with a diazotizing reagent. 

In the cephem compounds [I], the symbol R 1 represents 
amino or hydroxyl group, or protected amino or hydroxyl 
group. The protected amino group means an amino group 
protected with such easily removable protective groups of 
amino group as usually employed in the peptide chemistry, 
which are exemplified by an alkylcarbonyl group such as 
formyl, acetyl, propionyl, etc., an alkoxycarbonyl group 
such as t-butoxycarbonyl, etc., an alkoxyalkylcarbonyl 
group such as methoxyacetyl, methoxypropionyl, etc., a 
substituted alkoxycarbonyl group such as trichloroethoxy- 
carbonyl, etc., a substituted alkylcarbonyl such as 
monochloromethylcarbonyl, monochloroethylcarbonyl, 
dichloromethylcarbonyl, dichloroethylcarbonyl, trichlorom- 
ethylcarbonyl, trichloroethylcarbonyl, trichloropropylcarbo- 
nyl, etc., an aralkyloxycarbonyl group such as benzyloxy- 
carbonyl, etc., a substituted aralkyloxycarbonyl group such 40 
as p-nitrobenzyloxycarbonyl, etc. or amino group protected 
with proton. The protected hydroxyl group means a 
hydroxyl group protected with easily removable protective 
group of hydroxyl group. Such easily removable protective 
group of hydroxyl group may be exemplified by e.g. an acyl 
group such as formyl, acetyl, chloroacetyl, trifluoroacetyl, 
methoxyacetyl, phenoxyacetyl, benzoyl, benzoylformyl, 
p-nitrobenzoyl, ethoxycarbonyl, P,P,p-trichloroethoxycar- 
bonyl, P,P,p-tribromoethoxycarbonyl, p-nitrophenoxycar- 
bonyl, etc., an easily removable protective group under 
relatively mild conditions such as tetrahydropyranyl, tet- 
rahydrothiofuranyl, methoxytetrahydropyranyl, etc. The 
symbol R 2 represents amino or hydroxyl group or a group 
convertible into these groups. The latter group includes 
those convertible into amino or hydroxyl group by e.g. 
reduction, oxidation, hydrolysis, etc. employing mild con- 
ditions which do not affect the cephem ring, as well as the 
protected amino or hydroxyl groups mentioned above. As 
the group convertible into amino or hydroxyl group, the 
suitable examples are the same as that of the protected amino 
or hydroxyl group as mentioned in the symbol R 1 , or a group 
of the formula; 



45 



50 



55 



60 



wherein R 5 is hydroxyl group which may be protected as 
examplified below. In case of R 2 being a group of the 



65 



by the formula; 
R 1 s 




(XXI) 



CH 2 R 4 



(XVI) 10 



COOH 



wherein the symbols have the same meaning as defined 
above. The symbol R 3 means hydrogen, methoxy group or 
a group convertible into methoxy group. As the group 
convertible into methoxy group, there may be employed 
such ones which are converted into methoxy group by the 
reaction with methanol as methylthio, methylseleno, etc. 
The symbol R 8 represents hydrogen, or a halogen such as 
chlorine, bromine, etc. As the substituents at 3-position of 
the cephem compounds, there may be generally employed 
such ones as found in the corresponding moiety of cepha- 
losporins produced by fermentation or as easily derivable 
therefrom. Therefore, the substituents may be exemplified 
by e.g. the formula: — CH 2 R 4 . The residue of nucleophilic 
compound shown by the symbol R 4 may be cyano, azido, 
amino, N-alkylamino (e.g. N-methylamino, N,N-dimethy- 
lamino, N-ethylamino, N,N-diethylamino, N-propylamino, 
etc.), hydroxyphenyl, a tertiary ammonium group or a group 
of the formula; 



— w— R 

wherein W represents oxygen or sulfur atom and R repre- 
sents hydrogen, carbamoyl, N-alkylcarbamoyl, thiocarbam- 
oyl, N-alkylthiocarbamoyl, an acyl, sulfamoyl, alkylsulfonyl 
or hetero ring. The typical residue of nucleophilic compound 
may be exemplified by hydroxyl, mercapto, cyano, azido, 
amino, carbamoyloxy, carbamoylthio or thiocarbamoyloxy 
group, or those substituted with alkyl (e.g. methyl, ethyl, 
propyl, etc.), acyloxy (e.g. acetyloxy, propionyloxy, butyry- 
loxy, benzoyloxy, p-chlorobenzoyloxy, p-methylbenzoy- 
loxy, etc.), or a tertiary ammonium group, or hydroxylphe- 
nyl, sulfamoyloxy, an alkylsulfonyloxy, (cis-1,2- 
epoxypropyl)phosphono, etc. Furthermore, the symbol R 4 
may preferably represent a mercapto group substituted with 
a hetero ring which may be 5- or 6-membered one contain- 
ing one to four hetero atoms selected from the group 
consisting of oxygen, sulfur and nitrogen. The hetero ring is 
exemplified by a 6-membered nitrogen-containing hetero 
ring e.g. pyridyl, N-oxido-pyridyl, pyrimidyl, pyridazinyl, 
N-oxido-pyridazinyl, etc. a 5-membered nitrogen-contain- 
ing hetero ring e.g. pyrazolyl, imidazolyl thiazolyl, 1,2,3- 
thiadiazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5- 
thiadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,3,4- 
oxadiazolyl, 1,2,5-oxadiazolyl, 1,2,3-triazolyl, 1,2,4- 
triazolyl, lH-tetrazolyl, 2H-tetrazolyl, etc. and others. Each 
of these hetero ring may be further substituted and, as the 
substituents, there may be mentioned for example, lower 
alkyls such as methyl, ethyl, propyl, etc., lower alkoxyls 
such as methoxy, ethoxy, etc., halogens such as chlorine, 
bromine, etc., halogen substituted alkyls such as trifluorom- 
ethyl, trichloroethyl, etc., amino, mercapto, hydroxyl, car- 
bamoyl, or carboxyl group, etc. The tertiary ammonium 
group represented by R 4 may be exemplified by e.g. pyri- 
dinium, 3-methylpyridinium, 4-methylpyridinium, 3-chlo- 
ropyridinium, 3-bromopyridinium, 3-iodopyridinium, 4-car- 
bamoylpyridinium, 4-(N- 

hydroxy methy lcarbamoy l)pyridinium, 4- (N- 
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carbomethoxycarbamoyl)pyridinium, 4-(N- 

cyanocarbamoyl)pyridinium, 

4-(carboxymethyl)pyridinium, 4-(hydroxymethyl)pyri- 
dinium, 4-(trifluoromethyl)pyridinium, quinolinium, 
picolinium, lutidium, etc. Alternatively, 2-carboxyethenyl, 5 
chloro, methoxy group etc. may be substituted instead of the 
group represented by the formula; — CH 2 R 4 . The sulfur 
atom in the cephem ring may be oxido-type. The carboxyl 
group at 4-position of the cephem ring may be free type, or 
salts with nontoxic cation such as sodium, potassium or the 10 
like; a basic amino acid such as arginine, ornithine, lysine, 
histidine or the like; or a polyhydroxyalkylamine such as 
N-methylglucamine, diethanolamine, triethanolamine, 
trishydroxymethylaminomethane or the like. Alternatively, 
the carboxyl group may be a biologically active ester 15 
derivative, said ester derivatives being conducive to, for 
instance, an increased blood level or/and a longer duration 
of activity. As the ester residues of use for this purpose, there 
may be mentioned, for example, alkoxymethyl and 
cc-alkoxyethyl and other oc-alkoxy-a-substituted methyl 20 
groups, e.g. methoxymethyl, ethoxymethyl, isopropoxym- 
ethyl, a-methoxyethyl, a-ethoxyethyl, etc.; alkylthiomethyl 
groups, e.g. methylthiomethyl, ethylthiomethyl, isopropy- 
lthiomethyl, etc.; and acyloxymethyl and ct-acyloxy-oc-sub- 
stituted methyl groups, e.g. pivaloyloxymethyl, a-acetoxy- 25 
butyl, etc. 

Thus, the preferable examples of the present cephem 
compounds [I] may be the compounds that the group 
— CH 2 R 4 means methyl, acetoxymethyl, (1-methyl-tetrazol- 
5-yl)thiomethyl, (l,2,3-triazol-5-yl)thiomethyl, (2-methyl- 30 
l,3,4-thiadiazol-5-yl)thiomethyl, etc. These compounds [I] 
are all novel and useful as antibiotics. Like the known 
cephalosporins or penicillins, the contemplated compounds 
[I] of this invention can each be administered in the forms 
of injection, capsules, tablets, granules, solutions, suspen- 35 
sions, solid forms, if necessary, with a physiologically 
acceptable carrier or excipient in accordance with the estab- 
lished pharmaceutical procedure. The contemplated com- 
pounds of this invention, such as sodium 7a-methoxy-7[5- 
(2-aminothiazol-4-ylglycylamido)-3-(l-methyl-lH-tetrazol- 40 
5-ylthiomethyl)-3-cephem-4-carboxylic acid may be 
injected intramuscularly at a daily dose level of about 5 to 
20 mg./kg. human body weight in 3 to 4 divided dose per 
day and are effective against respiratory-organ infections, 
urinary-tract infections, etc. And, the compounds [I] show 45 
strong antibiotic properties against a wide variety of micro- 
organisms including gram-positive or negative bacteria, 
even by oral administration. 

The cephem compounds [I] of the present invention can 
be prepared by e.g. the following processes: 50 

(a) Reaction of Compounds [V] and [VI] 

The carboxyl group of the starting compounds [VI] of this 
reaction may be used as a salt form with alkali metals, 
organic amines such as sodium, potassium, triethylamine, 
etc., or as an ester form which can be easily converted into 55 
free carboxyl group by mild treatment with an acid or alkali, 
or by reduction, the ester being exemplified by e.g. with 
P-methylsulfonyl ethyl, trimethylsilyl, dimethylsilenyl, ben- 
zhydryl, P,p,(3-trichloroethyl, phenacyl, p-methoxybenzyl, 
p-nitrobenzyl, methoxymethyl, etc. As the reactive deriva- 60 
tives of the other starting compounds [V], there may be 
employed acid halide, acid anhydride, mixed acid anhy- 
dride, cyclic carboxy-anhydride, active amide, ester, etc., 
thereof. 

This reaction can be conducted advantageously and 65 
smoothly in the presence of a solvent. As said solvent, use 
may be made of the common solvents and their mixtures 



unless such solvents do not interfere with the present reac- 
tion. There may be mentioned, therefore, such solvents as 
water, acetone, tetrahydrofuran, dioxane, acetonitrile, chlo- 
roform, dichloromethane, dichloroethylene, dimethylforma- 
mide, dimethylacetamide, dimethylsulfoxide, etc. This reac- 
tion may proceed more advantageously when to the solvent 
there is added a base such as pyridine, triethylamine, N,N- 
dimethylaniline, sodium hydrogen carbonate, etc. The quan- 
tity of the base to be added is 100-300%, desirably 
100-200% of that of the starting compounds [V]. While the 
reaction temperature is virtually optional, the reaction usu- 
ally is carried out under cooling or at room temperature. The 
reaction is generally completed within several minutes to 
several hours. 

If necessary, thus obtained compounds are subjected to 
removal of the protective group and/or conversion of the 
convertible group. The removal of the protective group of 
amino group may be conducted, for example, by acid 
treatment for t-butoxycarbonyl, etc., by a treatment with 
zinc and an acid for p,p,P-trichloroethoxycarbonyl, etc. by 
catalytic reduction for p-nitrobenzyloxycarbonyl, etc. The 
protective groups of hydroxyl group are removed, for 
example, by potassium hydrogen carbonate in aqueous 
methanol for formyl or trifluoroacetyl, etc., by diluted 
hydrochloric acid treatment, for tetrahydropyranyl, etc., by 
zinc and an acid treatment for P,p,p-trichloroethoxycarbo- 
nyl, etc. The ester residues of the carboxylic acids are 
removed, for example, by acid treatment for benzhydryl, 
p-methoxybenzyl, etc., by alkali treatment for p-methylsul- 
fonylethyl, etc., by aqueous treatment for trimethylsilyl, 
dimethylsilenyl, etc., by zinc — an acid treatment for P,P,P- 
trichloroethyl, etc., by reduction for p-nitrobenzyl, etc. The 
methylthio or methylseleno group etc. may be converted 
into methoxy group by e.g. reacting methanol in the pres- 
ence of metal compounds including silver, mercury, lead, 
thallium, etc. The removal of the protective groups or the 
conversion of the groups may be performed at the same time 
if possible, or any of them may be removed or converted in 
accordance with the sort of the groups and/or the reaction 
condition of the next step. 

While the starting carboxylic acids [V] may occur as D- 
and L-isomers with respect to the a-carbon, whichever of 
these isomers, as well as their mixture, can be successfully 
employed for the purposes of this invention. It is known that 
generally, of cephalosporins or penicillins having a center of 
asymmetry at a-position, D-isomers are more antibiotic than 
the L-isomers. 

The compounds [V] employed as the starting materials in 
this reaction may be prepared by, e.g. the processes (6) to (9) 
mentioned above, and are used in that condition obtained by 
these processes or after removal of the protecting groups 
and/or conversion of the groups. 

The similar conditions as above are applied also to the 
reaction between the compounds [VI] and the compounds 
[IV]. 
(b) Reduction of the Compounds [VII] 

In the starting compounds [VII], the symbols other than 
R 5 have the same meanings as defined above, and symbol R 5 
means hydroxyl group which may be protected. As the 
protective groups of hydroxyl group, any of the conven- 
tional ones may be used so far as they do not disturb the 
reactions of this invention and there may be generally 
employed a lower alkyl group such as methyl, ethyl, etc., an 
aryl group such as phenyl, thienyl, etc., an acyl group such 
as acetyl, benzoyl, etc. 

The reduction condition employed in the present reaction 
may be selected from the known reduction methods so far as 
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the compounds [VII] can be reduced into the compounds 
[VIII], and preferable ones are the catalytic reduction 
employing catalysts such as Raney nickel, platinum oxide, 
palladium-carbon, ruthenium-carbon, rhodium-carbon, cop- 
per-chromium oxide, etc., reduction means employing 
nascent hydrogen obtained by the co-existence of metals 
such as sodium, sodium amalgam, aluminum amalgam etc. 
and water, alcohols, etc. reduction means employing metal- 
lic hydride complexes such as lithium aluminum hydride, 
diethyl aluminum hydride, sodium aluminum hydride, 
sodium borohydride, etc., reduction means treating with 
metals such as zinc, iron, etc. in solvents such as acetic 
anhydride, formic acid, or aqueous mixture thereof, etc., 
electroreduction, etc. The reaction conditions such as reac- 
tion temperature, pressure, sort of the solvents, reaction 
time, and others are selected suitably according to the sort of 
starting materials, reduction means, etc. After the reduction 
reaction, the reaction mixture may be, if necessary, subjected 
to removal reaction of the protective group directly or after 
separation of the objective compounds [VTII]. The removal 
of the protective group is conducted in accordance with the 
conventional removing methods employed for the removal 
of each protective group. 

(c) Reaction of the Compounds [IX] with a Nucleophilic 
Compounds 

In the compounds [IX], the symbol R 6 represents carbam- 
oyloxy, an acyloxy such as acetyloxy, propionyloxy, 3-ox- 
obutyryloxy, 3-carboxypropionyloxy, 2-carboxybenzoy- 
loxy, 4-carboxybutyryloxy, mandelyloxy, 

2-(carboethoxycarbamoyl)benzoyloxy, 2-(carboethoxysul- 
famoyl)benzoyloxy, 3-ethoxycarbamoylpropionyloxy, etc., 
a halogen such as bromine, chlorine, etc. and among them 
the acyloxy groups are generally employed. The nucleo- 
philic compounds correspond to the compounds having the 
symbol R 4 of the compounds [I] mentioned above. Among 
the nucleophilic compounds, the mercapto compounds are 
reacted each in such forms as the free compound or a salt 
with an alkali metal such as sodium, potassium or the like. 
This reaction is desirably conducted in a solvent. For 
example, use can be made of water, heavy water or organic 
solvents readily miscible with water and inert to the starting 
compounds, such as dimethylformamide, dimethylaceta- 
mide, dioxane, acetone, alcohol, acetonitrile, dimethylsul- 
foxide, tetrahydrofuran, etc. The reaction temperature and 
time depend, among other factors, upon the starting com- 
pounds, solvent, etc. to be employed but generally the 
reaction is carried out at a selected temperature within the 
range of 0° to 100° C. for a selected time of a few hours to 
several days. The reaction is desirably conducted in the 
neighborhood of neutrality or between pH 2 and 8 and, for 
better results, between pH 5 and 8. The reaction often 
proceeds more smoothly by the addition of a quaternary 
ammonium salt having surface active effect (e.g. trimethyl- 
benzylammonium bromide, triethylbenzylammonium bro- 
mide, triethylbenzylammonium hydroxide, etc.) to the reac- 
tion system. To prevent oxidation of the mercapto 
compounds, it is advantageous to carry out the reaction in an 
inert gaseous atmosphere, e.g. nitrogen gas. 

The cephem compounds [I] obtained by the processes 
illustrated hereinbefore, can be purified by such procedures 
as column chromatography, extraction, precipitation, recrys- 
tallization, etc. The compounds [I], if desired, are further 
converted to contemplated salt or ester, etc. by a per se 
known process. 
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When R 2 represents a group of the formula; =NR S , the 
compound [IX] may be represented by the formula; 



R 1 



N - 



j: 



(XX) 



C-CONH 



NR 5 




CH 2 R 6 



10 



COOH 



which may be reacted with nucleophilic compounds under a 
similar conditions mentioned above. 

Each starting compound employed in the above men- 
tioned processes for preparing the cephem compounds [I] 
can be prepared for example by the following processes. 

(d) Reduction of the Compounds [IV] 

Similar reduction conditions as mentioned in above (b) 
are employed in this reaction. The carboxyl group of the 
starting compounds [IV] may be protected with a protective 
group removable under mild conditions which will not 
interfere with the thiazole ring, for example by acid or 
alkaline condition, reduction, etc. Therefore, such protective 
groups may be selected from those of carboxyl group 
generally employed in the peptide synthesis and are exem- 
plified by alkali metals such as sodium, potassium, etc. alkyl 
such as methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, 
isobutyl, tert-butyl, etc., substituted alkyl such as |3-meth- 
ylsulfonylethyl, trichloroethyl, diphenylmethyl, etc., aryl 
such as phenyl, tolyl, etc., substituted aryl such as p-tert- 
butylphenyl, p-nitrophenyl, etc., aralkyl such as benzyl, 
phenethyl, tolubenzyl, etc., substituted aralkyl such as 
p-methoxybenzyl, p-nitrobenzyl, etc. In the present reaction, 
it seems that the starting compound [IV] wherein R 5 is 
protected hydroxyl, gives better result. The contemplated 
compounds [V] may be purified by a per se known purifi- 
cation method such as solvent extraction, pH adjustment, 
crystallization, recrystallization, distillation, chromatogra- 
phy, ion-exchange chromatography, etc. The isolated com- 
pound [V] is DL-mixture and may be resolved into D-form 
and L-form respectively by introducing it to suitable optical- 
active-crystal-forming salt, e.g. salt with tartaric acid, man- 
delic acid, malic acid, camphor-sulfonic acid, etc. 

(e) Reaction of the Compounds [XII] with [Xm] 

In the starting compounds [XII], the symbol X means 
halogen such as chlorine, bromine, iodine, fluorine, etc. 
When Y represents hydrogen, Z means amino group which 
may be protected, such group being exemplified above. 
Alternatively, Y and Z together represent a group of the 
formula; =NR 5 , such group being also illustrated above. 
The carboxyl group of the compounds [XII] may be pro- 
tected in a similar manner to that mentioned in respect of the 
compounds [IV]. In the present reaction, it is desirable to 
react substantially equivalent mole of both the starting 
compounds [XII] and [XTTI]. The reaction is generally 
conducted in the solvent and such solvent may be selected 
from the organic solvent which will not disturb the contem- 
plated reaction. Thus, methanol, ethanol, propanol, tetrahy- 
drofuran, for example, are suitably employed. The reaction 
is carried out smoothly at room temperature or under reflux 
condition. The reaction is generally completed within one to 
several hours. The reaction may be carried out more 
smoothly by adding base such as dimethylaniline triethy- 
lamine, etc. to the reaction system. After the reaction is 
completed, the removal of the protecting group may be 
conducted directly to the reaction mixture or after isolation 
of the compounds [XIV], if desired. The purification of the 
compounds [XIV] may be carried out by the similar means 
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as mentioned above (d). When the starting compounds 

[XIII] wherein R 12 represents a lower alkoxy group are 
employed, there is obtained a contemplated compound 

[XIV] wherein R 1 is hydroxyl according to the present 
reaction. 5 

(f) Diazotization of the Compounds [XV] 

The carboxylic group of the starting compounds [XV] 
employed in this reaction may be protected by the similar 
manner as mentioned in the above compounds [IV]. The 
reaction is generally conducted in a solvent, for example, 10 
water of a mixture of water and organic solvents which are 
readily miscible with water and do not disturb the present 
reaction such as alcohols e.g. methanol, ethanol, etc., ethers 
e.g. tetrahydrofuran, dioxane, etc. As the diazotization 
reagents, nitrous acids, alkyl nitrites, nitrogen dioxide, 15 
nitrosyl chloride, etc. are conveniently employed and, 
among them, sodium nitrite, amyl nitrite, etc. are generally 
used. The reaction is generally conducted in the presence of 
an acid at a selected temperature within the range of 0° to 
50° C. for a selected time of one to several hours. The acid 20 
employed in the reaction is exemplified by hydrochloric 
acid, sulfuric acid, phosphoric acid, formic acid, acetic acid, 
etc. 

While a-oximino-2-substituted-thiazol-4-ylacetic acid 
derivatives involved in these compounds [XIV] and [XVI] 25 
may occur theoretically as syn- and anti-isomer with respect 
to oximino group, each of the both isomers can be used, 
similarly for the present reaction. 

(g) Reaction of the Compounds [XVII] and Trihalogenoac- 
etone 30 

The symbol R 14 represents such amino group which may 
be protected as illustrated hereinbefore and, therefore, the 
compounds (XVII) are exemplified by N-(trichloroethoxy- 
carbonyl)thiourea, N-(t-butoxycarbonyl)thiourea, N-(benzy- 
loxycarbonyl)thiourea, etc. As the trihalogenoacetone, there 35 
are generally used, for example, 1,1,3-trichloroacetone, 1,1, 
3-tribromoacetone, etc. 

The reaction may be carried out advantageously in the 
solvent. Any solvent which can dissolve both starting mate- 
rials may be employed so far as it does not disturb the 40 
reaction, and more preferably one is exemplified by alcohols 
such as methanol, ethanol, propanol, etc., ketones such as 
acetone, methyl ethyl ketone, etc., ethers such as ether, 
tetrahydrofuran, dioxan, etc., or mixture thereof. The present 
reaction proceeds more smoothly in the presence of base 45 
such as pyridine, picoline, quinoline, isoquinoline, triethy- 
lamine, tributylamine, N-methylpiperidine, N-methylmor- 
pholine, N,N-dimethylaniline, N,N-diethylaniline, etc. The 
reaction may proceed under room temperature and is accel- 
erated by heating. Therefore, it is convenient to heat at about 50 
boiling point of the solvent employed. When a suitable 
conditions is selected in the present reaction, an intermediate 
i.e. 4-bromomethylthiazole may be obtained in some cases. 

Thus obtained compounds [XVIII] are subjected to addi- 
tion reaction of hydrogen cyanide to give so-called cyanhy- 55 
drin compounds. For this purpose, cyanides such as sodium 
cyanide, potassium cyanide, etc. are generally reacted with 
the compounds [XvTTI]. The cyanhy drin compounds can be 
isolated as stable acyl derivatives by protecting with a 
suitable protective group e.g. formyl, acetyl, etc. Example of 60 
the desirable procedure is to react acetic anhydride with the 
cyanhydrin compounds in pyridine. The reaction to obtain 
the cyanhydrin compounds or their derivatives is preferably 
conducted in the solvent in the presence of base. The solvent 
is desired to dissolve both of the starting compounds and 65 
base, and water or a mixture of water and organic solvent 
miscible with water (e.g. methanol, ethanol, acetone, dim- 



ethylformamide, etc.) are generally employed. As the base 
employed, there may be conveniently used, for example, 
such weak base as potassium dihydrogen phosphate, sodium 
hydrogen sulfite, triethylamine, etc. The reaction is carried 
out advantageously under cooling or at the neighborhood of 
room temperature to avoid undesirable side reaction. The 
reaction to obtain the cyanhydrin compounds as a-acetoxy- 
acetonitrile derivatives is usually conducted by reacting 
acetic anhydride with the former compounds in the solvent 
under the presence of base. In this reaction, any of solvent 
so far as it does not disturb the reaction may be employed 
and there may be generally used, for example, aprotic 
solvent such as chloroform, carbon tetrachloride, tetrahy- 
drofuran, pyridine, dimethylformamide, etc., or mixture 
thereof. Any base so far as it does not disturb the present 
reaction can be employed and preferable ones are organic 
tertiary base such as pyridine, quinoline, isoquinoline, tri- 
ethylamine, N,N-dimethylaniline, etc. Among them, pyri- 
dine is most preferable because it also works as solvent. 
Acetic anhydride mentioned above is most preferable as the 
acylating agent, but other acylating agent including acetyl 
chloride may be also employed. The reaction proceeds 
smoothly under cooling, but, if desired, it may be conducted 
in the neighborhood of room temperature. 

Thus obtained cyanhydrin compounds containing their 
acyl derivatives are subjected to hydrolysis to give the 
contemplated compounds [XIX]. The hydrolysis is carried 
out in the solvent under the presence of acid or base. As the 
solvent, methanol or ethanol are generally used. The reac- 
tion is conducted advantageously under cooling to in the 
neighborhood of room temperature to avoid the undesirable 
side reaction. In the reaction, inorganic acid such as hydro- 
chloric acid, sulfuric acid, etc. is preferably employed as 
acid and sodium hydroxide, potassium hydroxide, etc. is 
used as base. 

While thus obtained cc-hydroxyacetic acid derivatives 
[XIX] is racemic mixture, it can be resolved into optical 
active isomers i.e. D-form and L-form by per se known 
processes, for example, by introducing them into a suitable 
diasteromer. 

The following are some examples of the preferable ones 
of the cephem compounds [I] of the present invention. 
7P-[a-Hydroxy-a-(2-aminothiazol-4-yl)acetamido]-3-(l,2, 

3-triazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid 
7P-[(2-Aminothiazol-4-yl)glycylamido]-3-(l-methyl-lH- 

tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid 
7P-[(2-Aminothiazol-4-yl)glycylamido]-3-(l,2,3-triazol-5- 

ylthiomethyl)-3-cephem-4-carboxylic acid 
7a-Methoxy-7P-[(2-aminothiazol-4-yl)glycylamido]cepha- 

losporanic acid 
7a-Methoxy-7P-[(2-aminothiazol-4-yl)glycylamido]desac- 

etoxycephalosporanic acid 
7P-[(2-Aminothiazol-4-yl)glycylamido]-3-(5-mefhyl-l,3,4- 

thiadiazol-2-ylthiomethyl)-3-cephem-4-carboxylic acid 
7P-[a-Hydroxy-(2-aminothiazol-4-yl)acetamido]-3-(5-me- 

thyl-l,3,4-thiadiazol-2-ylthiomemyl)-3-cephem-4-car- 

boxylic acid 

EXAMPLE 1 

A solution of 237 mg. of a-(P,p,P-trichloroethoxycarbo- 
nylamino)-a-[2-(P,p,P-trichloroethoxycarbonylami- 
no)thiazol-4-yl] acetic acid and 8 ml. of thionyl chloride is 
stirred at room temperature for 1 .5 hours. The excess thionyl 
chloride is removed under reduced pressure. To the residue 
are added 183 mg. of 7-aminocephalosporanic acid and 5 
ml. N,N-dimethylacetamide. The mixture is stirred for 4 
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hours and then 50 ml. of ethyl acetate and saturated aq. NaCl 
solution are added. The ethylacetate layer is separated and 
dried over magnesium sulfate, followed by the filtration. The 
filtrate is concentrated under reduced pressure to give 340 
mg. of an oily residue. The residue is dissolved in excess 5% 
sodium hydrogen carbonate aq. solution and subjected to 
column chromatography on polystyrene resin (Registered 
trade mark, Amberlite XAD-2; manufactured by Rohm & 
Haas Co., U.S.A.), followed by elution with water. The 
combined eluate is concentrated to obtain sodium 7P-{cc- 
(p,p,P-trichloroethoxycarbonylamino)-a-[2-(p,p,p-trichlo- 
roethoxycarbonylamino)thiazol-4-yl]- 
acetamido}cephalosporanate. 

Analysis. Calcd. for C 21 H 19 N s O 10 S 2 Cl 6 Na.V4H 2 O: C, 
31.12; H, 2.48, Found: C, 30.96; H, 2.19. 

NMR (ppm, 100 MHz, CF 3 C0 2 D): 2.25(3H,s,CH 3 CO), 
3.70(2H,q, 2-CH 2 ), 5.00(2H,s,Cl 3 CCH 2 ), 8.12(lH,s,thiaz- 
ole ring proton). 

EXAMPLE 2 

To a solution of 590 mg. of 7P-{a-ethoxyimino-a-[2-(P, 
p,p-trichloroethoxycarbonylamino)thiazol-4- 
yl)acetamido}cephalosporanic acid in 30 ml. of 90% aq. 
formic acid is gradually added 654 mg. of zinc dust under 
stirring at 0° C. and the mixture is stirred for 1.5 hours at 0° 
C. The insoluble materials are filtered off and washed with 
50% aq. formic acid. The filtrate and washings are concen- 
trated under reduced pressure. The residue is dissolved in 20 
ml. of water and hydrogen sulfide gas is bubbled through the 
solution for 20 minutes and insoluble material is filtered off. 
The filtrate is lyophilized to afford 380 mg. of the crude 
product, which is dissolved in 5% sodium hydrogen carbon- 
ate aq. solution and purified with a column packed with 
Amberlite XAD-2 (manufactured by Rohm & Haas Co., 
U.S. A.) to obtain sodium 7P-(2-aminothiazol-4-ylglycyla- 
mido)cephalosporanate. 

Analysis-Calcd. for C 15 H 16 N 5 6 S 2 Na.3H 2 0: C, 35.78; 
H, 4.40; N, 13.90. Found: C, 35.22; H, 4.03; N, 13.74. 

NMR (ppm, 100 MHz, D 2 0): 2.25(3H,s,CH 3 CO), 
3.66(2H,q,2-CH 2 ), 5.26(lH,d,6-H), 5.30(lH,s,CH), 
5.75(lH,d,7-H), 6.88 (lH,s,thiazole ring proton). 

EXAMPLE 3 

A solution of 1.40 g. of a-(p,p,p-trichloroethoxycarbo- 
nylamino)-a-(2-(p,p,p-trichloroethoxycarbonylami- 
no)fhiazol-4-yl)acetic acid and 25 ml. of thionyl chloride is 
stirred at room temperature for 2 hours. The excess thionyl 
chloride is removed under reduced pressure. To the residue 
are added 1 .10 g. of 7-aminocephalosporanic acid and 25 ml. 
of N,N-dimethylacetamide and the mixture is stirred for 5 
hours at room temperature. To the reaction mixture are 
added 250 ml. of ethyl acetate and saturated aq. NaCl 
solution. The ethyl acetate layer is separated, washed with 
water and dried over magnesium sulfate. The solvent is 
distilled off under reduced pressure and the oily residue is 
dissolved in 100 ml. of 90% formic acid. The solution is 
cooled to 0° C, followed by gradual addition of 5.0 g. of 
zinc dust and stirring for 3 hours at 0° C. The insoluble 
materials are filtered off and the filtrate is concentrated under 
reduced pressure. To the residue is added 30 ml. of water and 
hydrogen sulfide gas is passed through the aqueous solution 
for five minutes. The resulted insoluble materials are filtered 
off and the filtrate is concentrated under reduced pressure. 
The residue is dissolved in 5% sodium hydrogen carbonate 
aq. solution and purified with a column packed with poly- 
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styrene resin (Amberlite XAD-2; manufactured by Rohm & 
Haas Co., (USA) in the same manner described in Example 
1, to obtain sodium 7p-(2-aminothiazol-4-ylglycylami- 
do)cephalosporanate. 

Analysis.-Calcd. for C ls H 16 N s 6 S 2 Na.2H 2 0: C, 37.11; 
H, 4.15. Found: C, 37.09; H, 3.93 



EXAMPLE 4 

To a solution of 4.0 g. of a-hydroxy-a-[2-(P,p,p-trichlo- 
roethoxycarbonylamino)thiazol-4-yl]acetic acid in 40 ml. of 
tetrahydrofuran is introduced phosgene gas for 10 minutes at 
0° C. Excess phosgene is removed by bubbling nitrogen gas 
at 40° C. The solvent is removed under reduced pressure to 
give 4.6 g. of powdered cyclic carboxyanhydride. 

Then 500 mg. of 7-aminocephalosporanic acid is sus- 
pended in 18 ml. of N,N-dimethylacetamide and 690 mg. of 
the cyclic carboxyanhydride is added under stirring. After 
stirring for 1 hour, 100 ml. of ethyl acetate is added and the 
ethyl acetate layer is separated, washed with water and 
extracted with 5% sodium hydrogen carbonate aq. solution. 
The extract is acidified to pH 2.0 with lN-hydrochloric acid. 
The acid solution is again extracted with ethyl acetate, and 
the ethyl acetate extract is washed with saturated aq. NaCl 
solution and dried over magnesium sulfate. The solvent is 
removed under reduced pressure to give 854 mg. of an oily 
residue, which is dissolved in 5% sodium hydrogen carbon- 
ate aq. solution and purified with a column packed with 
polystyrene resin (Registered trade mark, Amberlite XAD-2; 
manufactured by Rohm & Haas Co., USA) in the same 
manner described in Example 1, to obtain sodium 7P-{a- 
hydroxy-a-[2-(P,p,p-trichloroethoxycarbonylami- 
no)thiazol-4-yl]acetamide}cephalosporanate. 

Analysis.-Calcd. for CigH^OgSjClsNa^'/aLO: C, 
32.22; H, 3.16; N, 8.35. Found: C, 32.16; H, 3.06; N, 7.84. 

NMR(ppm, 100 MHz, CF 3 C0 2 D): 2.24(3H,s,CH 3 CO), 
3.70(2H,q, 2-CH 2 ), 4.98(2H,s,Cl 3 CCH 2 ), 5.22(2H,q,3- 
CH 2 ), 5.28 (lH,d,6-H), 5.88(lH,d,7-H), 5.72(lH,s,CH), 
7.48(1H, s,thiazole ring proton). 

EXAMPLE 5 

To a solution of 745 mg. of 7P-{cc-hydroxy-a-[2-(P, 
P,P-trichloroethoxycarbonylamino)thiazol-4-yl]acetamido} 
cephalosporanic acid in 30 ml. of 90% of formic acid is 
gradually added 800 mg. of zinc dust with stirring at 0° C. 
and the mixture is stirred for 2 hours at 0° C. The insoluble 
materials are filtered off and washed with 10 ml. of 50% 
formic acid. The filtrate and washings are concentrated 
under reduced pressure. The residue is dissolved in 5% 
sodium hydrogen carbonate aq. solution and the insoluble 
materials are filtered off. The filtrate is purified with a 
column packed with polystyrene resin (Amberlite XAD-2; 
manufactured by Rohm & Haas Co., USA) to obtain sodium 
7P-[a-hydroxy-a-(2-aminothiazol-4-yl)acetamido]cepha- 
losporanate. 

Analysis.-Calcd. for C ls Hi 5 N 4 7 S 2 Na.2H 2 0: C, 37.04; 
H, 3.94; N, 11.52. Found: C, 36.70; H, 3.66; N, 11.86. 

NMR (ppm, 100 MHz, CF 3 C0 2 D): 2.24(3H,s,CH 3 CO), 
3.70(2H,q, 2-CH 2 ), 5.23(2H,q,3-CH 2 ), 5.32(lH,d,6-H), 
5.85(lH,d, 7-H), 5.56(lH,s,CH), 6.92(lH,s,thiazole ring 
proton). 

EXAMPLE 6 

To a suspension of 1.17 g. of a-ethoxyimino-a-(2-(P,p, 
p-trichloroethoxycarbonylamino)thiazol-4-yl]acetic acid in 
20 ml. of water is added 3 ml. of lN-sodium hydroxide aq. 
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solution. The resulted solution is lyophilized to give the 
sodium salt. To a suspension of the sodium salt in 30 ml. of 
benzene are added 889 mg. of oxalyl chloride and 1 drop of 
N,N-dimethylacetamide and the mixture is stirred for 1 hour 
at room temperature. The solvent is removed under reduced 5 
pressure and the residue is dissolved in 20 ml. of acetone. 

The above solution of the acid chloride in acetone is 
dropwise added to a solution of 817 mg. of 7-aminocepha- 
losporanic acid and 630 mg. of sodium hydrogen carbonate 
in 50 ml. of water and 25 ml. of acetone while stirring for 10 
30 minutes at 0° C. The mixture is stirred for additional 2 
hours at room temperature. Acetone is distilled off under 
reduced pressure and the aqueous layer is washed with ethyl 
acetate and acidified to pH 2.0 with 3N-hydrochloric acid. 
The product is extracted with ethyl acetate and the combined 15 
extracts are washed with water and dried over anhydrous 
magnesium sulfate. Concentration of the extracts affords 
970 mg. of an oily residue, 330 mg. of which is dissolved in 
5% sodium hydrogen carbonate solution, subjected to col- 
umn chromatography on polystyrene resin (Amberlite 20 
XAD-2; manufactured by Rohm & Haas Co., USA) and 
elusion is carried out with 50% aqueous ethanol. The 
fractions containing the contemplated compound are pooled 
and lyophilized to obtain 184 mg. of sodium 7P-{a-efhoxy- 
imino-a-[2-(P > P,P-trichloroethoxycarbonylamino)thiazol-4- 25 
yl]acetamido}cephalosporanate. 

Analysis.-Calcd. for C 20 H 19 N 5 O 9 S 2 Cl 3 Na.H 2 O: C, 
35.07; H, 3.09; N, 10.23. Found: C, 35.24; H, 3.18; N, 10.33. 

NMR(ppm, 100 MHz,CF 3 C0 2 D): 1 .50(3H,t,CH 3 CH 2 ), 
2.25(3H,s, CH 3 CO), 3.37(2H,q,2-CH 2 ), 4.61(2H,q, 
CH2CH3), 4.99 (2H,s,Cl 3 CCH 2 ), 5.26(2H,q,3-CH 2 ), 
5.34(lH,d,6-H), 6.06(1 H,d,7-H), 7.95(lH,s,thiazole ring 
proton). 
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To a suspension of 390 mg. of a-ethoxyimino-a-[2-(P,p, 
p-trichloroethoxycarbonylamino)thiazol-4-yl]acetic acid in 

5 ml. of benzene are added 300 mg. of oxalylchloride and 1 
drop of N,N-dimethylformamide and the mixture is stirred 4° 
for 2 hours at room temperature. The solvent is removed 
under reduced pressure and the residue is dissolved in 10 ml. 

of acetone. The acetone solution is dropwise added while 
stirring for 30 minutes to a solution of 272 mg. of 7-ami- 
nocephalosporanic acid and 252 mg. of sodium hydrogen 45 
carbonate in 20 ml. of water and 10 ml. of acetone at 0° C. 
The mixture is stirred for additional 2 hours at room tem- 
perature and the solvent is distilled off under reduced 
pressure. The residual aqueous solution is washed with ethyl 
acetate and acidified to pH 2.0 with lN-hydrochloric acid. 50 
The solution is extracted with ethyl acetate and the com- 
bined extracts are washed with water and dried over anhy- 
drous magnesium sulfate. Evaporation of the solvent affords 
7P-{a-ethoxyimino-a-[2-(P,P,P-trichloroethoxycarbony- 
lamino)thiazol-4-yl]-acetamido}cephalosporanic acid. This 55 
product is identical with the compound obtained in Example 

6 in NMR spectrum (in CF 3 C0 2 D). 
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To a suspension of 390 mg. of a-ethoxyimino-cc-[2-(P,p, 
P-trichloroethoxycarbonylamino)thiazol-4-yl]acetic acid in 
10 ml. of methylene chloride is added with stirring 312 mg. 
of phosphorus pentachloride. 

The mixture becomes homogeneous while stirring within 65 
10 seconds. After stirring for additional one hour at room 
temperature, the solvent is distilled off under reduced pres- 



sure and the residue is dissolved in 5 ml. of acetone. The 
acetone solution is dropwise added for 30 minutes to a 
solution of 272 mg. of 7-aminocephalosporanic acid and 840 
mg. of sodium hydrogen carbonate in 10 ml. of water and 5 
ml. of acetone at 0° C. The mixture is stirred for additional 
2 hours at room temperature and acetone is removed under 
reduced pressure. The residual aqueous solution is washed 
with ethyl acetate and acidified to pH 2.0 with IN hydro- 
chloric acid. The solution is extracted with ethyl acetate and 
the extracts are washed with water and dried over anhydrous 
magnesium sulfate. Removal of the solvent gives 7P-{a- 
ethoxyimino-a-[2-(P,P,P-trichloroethoxycarbonylami- 
no)thiazol-4-yl]acetamido}cephalosporanic acid. This prod- 
uct is identical with the compound obtained in Example 6 in 
NMR spectrum (in CF 3 C0 2 D). 

EXAMPLE 9 

To a suspension of 347 mg. of a-oximino-oe-[2-(P,p,p,- 
trichloroethoxycarbonylamino)thiazol-4-yl[acetic acid in 20 
ml. of water is added 2 ml. of lN-sodium hydroxide solu- 
tion. The solution is lyophilized to give the sodium salt. To 
a suspension of the sodium salt in 10 ml. of benzene are 
added 300 mg. of oxalyl chloride and 1 drop of N,N- 
dimethylacetamide and the mixture is stirred for 1 hour at 
room temperature. The solvent is distilled off under reduced 
pressure and the residue is dissolved in 10 ml. of acetone. 
The acetone solution is dropwise added to a solution of 261 
mg. of 7-amino-cephalosporanic acid and 200 mg. of 
sodium hydrogen carbonate in 10 ml. of water under stirring 
at 0° C. in the course of 10 minutes. The mixture is stirred 
for additional 2 hours at room temperature. Acetone is 
distilled off under reduced pressure and the aqueous solution 
is washed with ethyl acetate and acidified to pH 2.0 with 
lN-hydrochloric acid. The product is extracted with ethyl 
acetate and the combined extracts are washed with water and 
dried over anhydrous magnesium sulfate. Evaporation of the 
solvent affords 7P-{a-oximino-a-[2-(p,p,p-trichloroethoxy- 
carbonylarmno)thiazol-4-yl]acetamido}cephalosporanic 
acid. 

NMR (ppm, 100 MHz, CDCl 3 +d 6 -DMSO): 2.00(3H 
s,CH 3 CO),3.46 (2H,q,2-CH 2 ), 4.85(2H,s,Cl 3 CCH 2 ), 
4.96(2H,q,3-CH 2 ), 5.06(lH,d,6-CH), 5.89(lH,q,7-CH), 
7.39(1H s.thiazole ring proton), 9.26(lH,d,7-NH). 

EXAMPLE 10 

A solution of 900 mg. of a-(P,p,P-trichloroethoxycarbo- 
nylamino)-a-[2-(P,P,p-trichloroethoxycarbonylami- 
no)thiazol-4-yl]acetic acid and 15 ml. of thionyl chloride is 
stirred at room temperature for 1 .5 hours. The excess thionyl 
chloride is removed under reduced pressure. To the oily 
residue are added 700 mg. of 7-aminocephalosporanic acid 
and 15 ml. of N,N-dimethylacetamide and the mixture is 
stirred for 4 hours at room temperature. The reaction mixture 
is added 100 ml. of ethyl acetate and then is washed with 
saturated aq. NaCl solution. The ethyl acetate layer is 
separated and dried over magnesium sulfate. The solvent is 
removed under reduced pressure to give an oily residue, 
which is dissolved in 50 ml. of 90% formic acid. The 
solution is cooled to 0° C. and 2.0 g. of zinc dust is gradually 
added. The mixture is stirred for 1.5 hours at 0° C. The 
insoluble materials are filtered off and the filtrate is concen- 
trated under reduced pressure. To the residue is added 20 ml. 
of water and then hydrogen sulfide gas is passed through the 
aqueous solution. The resulted insoluble materials are fil- 
tered off and the filtrate is concentrated under reduced 
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pressure. The residue is dissolved in 5% sodium hydrogen 
carbonate aq. solution and purified with a column packed 
with polystyrene resin (Amberlite XAD-2; manufactured by 
Rohm & Haas Co., USA) in the same manner described in 
Example 1, to obtain sodium 7P-(2-aminothiazol-4-ylglycy- 
lamido)-cephalosporanate. This product is identical with the 
compound obtained in Example 2 in all respects. 

EXAMPLE 11 

To a suspension of 1.563 g. of a-ethoxyimino-oc-[2-(p,p, 
p-trichloroethoxycarbonylamino)thiazol-4-yl]acetic acid in 
20 ml. of methylene chloride is added 1.250 g. of phospho- 
rus pentachloride while stirring. The mixture is stirred for 1 
hour at room temperature and concentrated under reduced 
pressure. The residue is dissolved in 20 ml. of acetone. The 
acetone solution thus obtained is dropwise added to a 
solution of 857 mg. of 7-amino desacetoxy cephalosporanic 
acid and 1.68 g. of sodium hydrogen carbonate in 40 ml. of 
water and 20 ml. of acetone at 0° C. under stirring in the 
course of 30 minutes. The mixture is stirred for 2 hours at 
room temperature and acetone is distilled off under reduced 
pressure. The residual aqueous solution is washed with ethyl 
acetate, acidified to pH 2.0 with lN-hydrochloric acid and 
extracted with ethyl acetate. The combined extracts are 
washed with water and dried over anhydrous magnesium 
sulfate. Evaporation of the solvent affords 2.04 g. 7P-{ct- 
ethoxyimino-a-[2-(P,p,P-trichloroethoxycarbonylami- 
no)thiazol-4-yl]acetamido}desacetoxycephalosporanicacid. 
Yield 86.9%. 

NMR (ppm, 100 MHz, CDCl 3 +d s -DMSO): 1.26(3H,t,C 
H,CH 2 ), 2.13(3H,s,3-CH 3 ), 3.40(2H,q,2-CH 2 ), 4.23(2H,q,C 
H2CH3), 4.86(2H,s,Cl3CCHj), 5.06(lH,d, 6-H), 5.80(lH,q, 
7-H), 7.26 and 7.83(1H, two s, thiazole ring proton). 

573 mg. of the acid obtained in the above method is 
dissolved in 5% sodium hydrogen carbonate aq. solution, 
subjected to column chromatography on polystyrene resin, 
Amberlite XAD-2 (manufactured by Rohm & Haas Co., 
USA) and eluted with 50% aqueous ethanol. The fractions 
containing the contemplated compound are pooled and 
lyophilized to obtain 233 mg. of sodium 7P-{a-ethoxy- 
imino-a-[2-(P,p,P-trichloroethoxycarbonylamino)thiazol-4- 
yl]-acetamido}desacetoxycephalosporanate. Yield 39.2%. 

Analysis-Calcd. forC lg H 17 N s 7 S 2 Cl 3 Na.H 2 0: C, 34.49; 
H, 3.06; N, 11.17. Found: C, 34.96; H, 3.43; N, 11.17 

EXAMPLE 12 

To a solution of 1.467 g. of 7p-{a-ethoxyimino-a-[2-(P, 
P,P-trichloroethoxycarbonylamino)thiazol-4-yl]-aceta- 
mido}-desacetoxycephalosporanic acid in 80 ml. of 90% aq. 
formic acid is gradually added 1.634 g. of zinc dust at 0° C. 
and the mixture is stirred for 1.5 hours at 0° C. The insoluble 
material is filtered off and washed with 50% aq. formic acid. 
The filtrate and washings are concentrated under reduced 
pressure and 200 ml. of water is added to the residue. 
Hydrogen sulfide gas is bubbled through the aqueous solu- 
tion and insoluble material is filtered off. The filtrate is 
lyophilized to yield 1.15 g. of the formate. Yield 100%. The 
formate is dissolved in 5% sodium hydrogen carbonate aq. 
solution and purified with a column packed with Amberlite 
XAD-2 (manufactured by Rohm & Haas Co., USA) to afford 
614 mg. of sodium 7P-(2-aminothiazol-4-ylglycylamido)de- 
sacetoxycephalosporanate. Yield 62.7%. 

Analysis-Calcd. for C 13 H 14 N s 4 S 2 Na.l 1 /2H 2 0: C, 37.31; 
H, 4.10; N, 16.74. Found: C, 37.81; N, 4.24; N, 16.69. 
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NMR(ppm, 100MHz,D 2 O): 2.05(3H,s,3-CH 3 ), 3.48(2H, 
q,2-CH 2 ), 5.13(lH,s,CH), 5.18(lH,d,6-H), 5.79(lH,d,7-H), 
6.99 (lH,s,thiazole ring proton). 

EXAMPLE 13 

A mixture of 650 mg. of a-ethoxyimino-a-(2-hydrox- 
ythiazol-4-yl)acetic acid and 750 mg. of phosphorus pen- 
tachloride in 50 ml. of dry ether is stirred for 2 hours at room 
temperature. The acid chloride solution is added to a sus- 
pension of 1.10 g. of 7-aminocephalosporanic acid in 30 ml. 
of N,N-dimethylacetamide and the mixture is stirred for 3.5 
hours at room temperature. To the mixture is added 200 ml. 
of ethyl acetate and the organic solution is washed 7 times 
with water. The ethyl acetate layer is concentrated under 
reduced pressure and the residue is dissolved in 5% sodium 
hydrogen carbonate aq. solution and purified with a column 
packed with Amberlite XAD-2 to afford sodium 7P-[a- 
ethoxyimino-a-(2-hydroxythiazol-4-yl)acetamido]cepha- 
losporanate. 

Analysis-Calcd. for C 17 H 17 N 4 8 S 2 Na.3H 2 0: C, 37.36; 
H, 4.24; N, 10.25. Found: C, 37.37; N, 3.90; N, 9.86 

NMR(ppm, 100 MHz, CF 3 C0 2 D): 1 .44(3H,t,CH 3 CH 2 ), 
2.21 (3H,s, CH 3 CO), 3.70(2H,q,2-CH 2 ), 4.48(2H,q,C 
HzCH,), 5.25 (2H,q,3-CH 2 ), 5.30(lH,d,6-H), 6.05(lH,d,7- 
H), 7.13 (lH,s,thiazole ring proton). 

EXAMPLE 14 

To a suspension of 1.08 g. of a-ethoxyimino-a-(2-hy- 
droxythiazol-4-yl)acetic acid in 20 ml. of absolute ether is 
added 1.25 g. of phosphorus pentachloride and the mixture 
is stirred for 2 hours at room temperature. The acid chloride 
solution is dropwise added to a suspension of 1.80 g. of 
7-aminocephalosporanic acid in 50 ml. of N,N-dimethylac- 
etamide and the mixture is stirred for 4 hours at room 
temperature. The mixture is extracted 3 times with each 120 
ml. of ethyl acetate and the combined extracts are washed 
with water and dried over anhydrous magnesium sulfate. 
The solvent is removed and the residue is dissolved in 60 ml. 
of 90% aq. formic acid. To the acidic solution is added 4.30 
g. of zinc dust at 0° C. and the mixture is stirred for 2 hours 
at this temperature. 

Insoluble material is filtered off and the filtrate is con- 
centrated under reduced pressure. To the residue is added 20 
ml. of water and hydrogen sulfide gas is bubbled through the 
aqueous solution for 5 minutes. Insoluble material is filtered 
off and the filtrate is again concentrated. The residue is 
dissolved in 5% sodium hydrogen carbonate aq. solution and 
purified with a column packed with Amberlite XAD-2. The 
fractions obtained by the eluation with 5% aqueous ethanol 
is lyophilized to afford sodium 7P-(2-hydroxythiazol-4- 
ylglycylamido)-cephalosporanate. 

Analysis-Calcd. for C 15 H 15 N 4 7 S 2 Na.H 2 0: C, 38.46; H, 
3.66; N, 11.96. Found: C, 38.35; H, 4.04; N, 12.28. 

EXAMPLE 15 

A solution of 10.0 g. of N-(P,p,P-trichloroethoxycarbon- 
yl)thiourea, 12.0 g. of 1,1,3-tribromoacetone and 5.0 g. of 
dimethylaniline in 100 ml. of ethanol is heated under reflux 
for 2 hours. After cooling, ethanol is removed under reduced 
pressure, and the oily residue is dissolved in ethyl acetate. 
Ethyl acetate layer is washed with water and dried over 
MgS0 4 . Ethyl acetate is removed under reduced pressure 
and the oily residue is dissolved in small quantity of chlo- 
roform. From the solution which is allowed to stand at room 



